Background: Pembrolizumab improved survival as first-and second-line therapy compared with chemotherapy in patients with highly programmed death ligand 1 (PD-L1) expressing advanced non-small cell lung cancer (NSCLC). We report the longterm safety and clinical activity of pembrolizumab as first-line therapy for patients with advanced NSCLC and the correlation between PD-L1 expression and efficacy.
Introduction
Current standard first-line treatment of advanced non-small cell lung cancer (NSCLC) without driver mutations is platinumbased chemotherapy [1] , yet its benefit is minimal [2] . There is an urgent need for improved first-line therapies. Programmed death 1 (PD-1), an immune checkpoint receptor, is primarily expressed on activated T and B cells [3] . Some tumors exploit the PD-1 pathway by constitutively expressing programmed death ligand 1 (PD-L1) or adaptively upregulating PD-L1 expression to evade immune attack and allowing neoplastic growth [3] . The PD-1 pathway is therefore a target for cancer immunotherapy.
Pembrolizumab is a high-affinity, humanized, IgG4, highly selective monoclonal antibody against PD-1 that has shown important clinical activity in multiple tumor types [4] . Previously, in a pooled dataset of treatment-naive and previously treated patients with advanced NSCLC enrolled in the large phase 1 KEYNOTE-001 study, we showed that pembrolizumab provided an objective response rate (ORR) of 19.4%, with a median duration of response of 12.5 months and a median overall survival (OS) of 12.0 months [5] . Among all patients with membranous PD-L1 expression on 50% of tumor cells [tumor proportion score (TPS) 50%] who were treated with pembrolizumab, ORR was 45.2%, and median OS was not reached. Based on this study, pembrolizumab was approved in the United States as therapy for patients with PD-L1-expressing NSCLC who had progressed on platinum-containing chemotherapy or on epidermal growth factor receptor (EGFR) or anaplastic lymphoma kinase (ALK) inhibitor medicine if they had an EGFR mutation or ALK translocation. Here, we report the updated safety and efficacy of first-line pembrolizumab therapy and the correlation between PD-L1 expression and clinical activity in treatment-naive patients with advanced NSCLC enrolled in KEYNOTE-001 (ClinicalTrials.gov, NCT01295827).
Methods
Patients and study design KEYNOTE-001 was an international, randomized, open-label, phase 1 study designed to assess the efficacy and safety of pembrolizumab in patients with advanced solid tumors. The study design and methods have been published previously [5] . For treatment-naive cohorts, patients were required to have histologically or cytologically confirmed stage IV NSCLC, age 18 years, wild-type EGFR and negative ALK translocation status (not required for the first 11 patients enrolled under an earlier protocol version), measurable disease per investigator-assessed immunerelated response criteria (irRC), an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, positive tumor expression of PD-L1 assessed by a prototype assay, and completion of adjuvant therapy >1 year before recurrent/metastatic disease. A new tumor sample for assessment of PD-L1 expression was required for all randomized patients.
The study protocol and its amendments were approved by the appropriate institutional review boards or ethics committees, and the study was conducted in accordance with the protocol, good clinical practice guidelines, and the provisions outlined in the Declaration of Helsinki. All patients provided written informed consent.
Treatments and assessments
The first 11 patients enrolled were randomly assigned 1:1 to pembrolizumab 2 mg/kg Q3W or 10 mg/kg Q3W. Following a protocol amendment, subsequent patients (n ¼ 90) were randomly assigned 1:1 to receive pembrolizumab 10 mg/kg every 2 weeks (Q2W) or 3 weeks (Q3W).
Treatment was continued until disease progression per investigatorassessed irRC, unacceptable toxicity, physician decision, or patient withdrawal. Tumor imaging was done every 9 weeks and reviewed centrally. Response was assessed per RECIST v1.1 by independent central review (primary end point for efficacy) and per irRC by investigator (primary end point for clinical decision-making). Adverse events (AEs) were collected throughout the study and for 30 days thereafter (90 days for serious AEs) and graded per National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0; pre-specified events of clinical interest with an immune-mediated mechanism of action were also reported.
The primary efficacy end point was ORR. Secondary end points included duration of response, disease control rate [defined as complete response þ partial response þ stable disease þ non-complete response/ non-progressive disease (defined as patients without measurable disease per central review at baseline who did not experience complete response or disease progression)], progression-free survival (PFS), OS, and relationship between PD-L1 expression and antitumor activity.
PD-L1 expression
As previously described [5] , PD-L1 expression for enrollment was assessed with a prototype immunohistochemistry assay (QualTek Molecular Laboratories, Goleta, CA) and the relationship between PD-L1 expression and efficacy was investigated using a clinical trial immunohistochemistry assay (early version of the PD-L1 22C3 IHC pharmDx assay, Dako North America, Carpinteria, CA). Both assays used the murine 22C3 anti-human PD-L1 antibody (Merck & Co., Inc., Kenilworth, NJ). PD-L1 positivity was defined as membrane staining on 1% of cells within tumor nests, including both neoplastic cells and intercalated mononuclear inflammatory cells, or a distinctive pattern of staining caused by mononuclear inflammatory cells infiltrating the stroma, forming a banding pattern adjacent to tumor nests [6] . Tumors were categorized based on TPS, the percentage of tumor cells demonstrating membranous PD-L1 staining [7] .
Statistical analysis
Analyses of ORR, PFS, OS, and safety were carried out in the as-treated population (i.e. all patients who received 1 pembrolizumab dose). The exact binomial method was used to estimate ORR and its corresponding 95% CI. Duration of response, PFS, and OS were estimated using the Kaplan-Meier method. SAS, version 9.3 (SAS, Cary, NC), was used for all analyses. The current report is based on a database lock date of 18 September 2015. This trial is registered with ClinicalTrials.gov, NCT01295827.
Results
Between 1 March 2013 and 26 March 2014, 101 patients with treatment-naive advanced NSCLC enrolled and were randomly assigned to receive pembrolizumab 2 mg/kg Q3W (n ¼ 6), 10 mg/kg Q3W (n ¼ 49), or 10 mg/kg Q2W (n ¼ 46) (supplementary Figure S1 , available at Annals of Oncology online). Of the 211 initial patients whose tumor samples were screened for PD-L1 expression using the prototype assay, 195 (92.4%) had an evaluable sample, and 145 (74.3%) had PD-L1-positive tumors based on the prototype assay. The relationship between PD-L1 expression and efficacy was subsequently investigated using the clinical trial immunohistochemistry assay. Of the 101 (69.7%) patients with PD-L1-positive tumors per prototype assay subsequently enrolled in the study (supplementary Figure S1 , available at Annals of Oncology online), 27 (26.7%) had TPS 50%, 52 (51.4%) had TPS 1%-49%, and 12 (11.9%) had TPS <1% based on the clinical trial assay; the PD-L1 status of the remaining 10 patients was not evaluable using the clinical trial assay (insufficient/no tumor sample, n ¼ 7; samples not sent, n ¼ 2; unacceptable specimen, n ¼ 1). The distribution of staining was similar in the 44 patients with PD-L1-positive tumors who did not enroll (36.4%, 40.9%, and 13.6%, respectively). Patient characteristics were similar across PD-L1 expression levels; only 1 (4%) patient in the TPS 50% group had squamous histology ( One of the three patients with EGFR mutation had a partial response of 10.4 months' duration. There was no effect of dosing schedule on antitumor activity (supplementary Table S1 , available at Annals of Oncology online). ORR in subgroups by PD-L1 strata are shown in supplementary Table S2 , available at Annals of Oncology online.
Disease control rate was 67.3% (n ¼ 68 of 101; 95% CI 57.3%-76.3%) in the overall population, and was similar across subgroups and irrespective of PD-L1 status (supplementary Table  S2 , available at Annals of Oncology online). A decrease from baseline in the size of target lesions was observed in 60 of the 81 evaluable patients (74.0%) overall; in 22 of the 23 patients (95.6%) with a TPS 50%; in 28 of the 39 patients (71.8%) with TPS 1%-49%; and in 4 of the 10 patients (40.0%) with a TPS <1% ( Figure  1A ). Tumor shrinkage was observed in patients regardless of histology.
Median time to response in the overall population was 2.2 months (range 1.7-10.6). The median duration of response was 19.0 months (range 2.1þ to 19.0), with no evident impact of PD-L1 expression level on response duration ( Figure 1B) . Response was ongoing (alive, with no progression) in 17 of the 27 patients (63.0%); of these 27 patients, 14 (51.9%) had response by first assessment following treatment initiation. Of the 56 patients who had investigator-assessed disease progression per irRC, 32 continued on treatment beyond initial irRC progression, with a median duration of 24 days (range 2-592). At data cut-off, 3 were still on treatment.
Median PFS was 6.2 months (95% CI 4.1-8.6) in the overall population, with a 12-month PFS rate of 35% (Figure 2A ). Among patients with TPS 50%, the median PFS was 12.5 months (95% CI 6.2 to not reached; Figure 2A ) and 12-month PFS rate was 54%. Median OS was 22.1 months in the overall population (95% CI 17.1-27.2). In the TPS 50% group, median OS was not reached (95% CI 22.1 to not reached) ( Figure 2B ).
Any-grade treatment-related AEs occurred in 86 (85.1%) patients (Table 2) , most commonly fatigue (n ¼ 28; 27.7%), pruritus (n ¼ 15; 14.9%), hypothyroidism (n ¼ 14; 13.9%), rash (n ¼ 14; 13.9%), arthralgia (n ¼ 12; 11.9%), and nausea (n ¼ 12; 11.9%). Grade 3/4 treatment-related AEs occurred in 12 (11.9%) patients (Table 3) . Overall, 22 (21.8%) patients experienced immune-mediated AEs regardless of attribution to treatment by investigators, the most common of which was hypothyroidism in 15 (15%) patients. All were of grade 1 or 2 severity, except for 1 . The colitis resolved after treatment with steroids (24 days), and treatment was resumed with no recurrence of toxicity. Six (6%) patients discontinued for treatment-related events (n ¼ 2 for pneumonitis, n ¼ 1 for hyperkeratosis, n ¼ 1 for neuralgia, n ¼ 1 for bronchospasm, and n ¼ 1 for renal failure). There were no treatment-related deaths.
Discussion
In this cohort of 101 patients with treatment-naive metastatic NSCLC treated with pembrolizumab, while the ORR of 27% was comparable with first-line chemotherapy, the impressive median OS of 22.1 months clearly exceeded the expected survival from firstline chemotherapy for patients without driver mutations. Most reported NSCLC studies suggest that high PD-L1 expression could identify an enriched population with higher probability of benefit from anti-PD-1 and anti-PD-L1 agents [5, [8] [9] [10] [11] . Similarly, in this study, higher response and survival rates were observed in patients with PD-L1 TPS 50%, with a response rate of 52%, 12-month survival rate of 85%, and 18-month survival rate of 72.7%. The response rate to pembrolizumab increased with increasing expression of PD-L1, although patients who responded to pembrolizumab had durable responses irrespective of PD-L1 status, with median duration of response of 19.0 months (range 2.1þ to 19.0).
The recently published phase 3 study (KEYNOTE-024; ClinicalTrials.gov, NCT02142738) confirms the significantly improved progression-free survival [hazard ratio (HR) 0.50 (95% CI, 0.37-0.68); P < 0.001] in treatment-naive patients with PD-L1 expression TPS 50% receiving monotherapy pembrolizumab compared with platinum-based chemotherapy [12] . An OS benefit [HR 0.60 (95% CI 0.41-0.89); P ¼ 0.005] was also evident despite a 50% crossover rate to receive an anti-PD-1 upon disease progression in the chemotherapy arm [12] . In contrast, there was no survival difference in patients receiving nivolumab or chemotherapy in the phase 3 CheckMate 026 study (ClinicalTrials.gov, NCT02041533), which used a much lower PD-L1 cutpoint of 5% (PFS HR 1.19; OS HR 1.08) [13] . Unlike the second-line setting in which docetaxel only provides modest benefit with a low response rate, a more enriched population with high PD-L1 expression would likely be required in the firstline setting to surpass the proven benefit from platinum-based doublet chemotherapy. Interestingly, the first-line nivolumab study (CheckMate 012, ClinicalTrials.gov, NCT01454102) had used a higher PD-L1 cutpoint of 50% and showed a response rate of 50% and 12-month OS rate of 83%, similar to our study [14] . However, this was not duplicated in subgroup analyses of the CheckMate 026 data using a PD-L1 cutpoint of 50% (PFS HR 1.07; OS HR 0.90) [13] . In addition, a response rate of only 26% was reported in patients with highest levels of PD-L1 expression treated with first-line atezolizumab [15] . The differential impact of PD-L1 expression as a predictor of response to PD-1 blockade may be explained by differences in the PD-L1 assays, antibodies, expression scoring method, and definition of PD-L1 positivity used in each of these studies [16] . In this first-line study, ORR was higher in patients with TPS 50% in non-squamous cell type; conclusions cannot be drawn for those with squamous histology, given that only one patient enrolled. In the KEYNOTE-024 study, patients with highly PD-L1 expressing squamous and non-squamous histology demonstrated superior progression-free survival over chemotherapy with a HR of 0.35 (95% CI 0.17-0.71) and 0.55 (95% CI 0.39-0.76), respectively [12] . The impact of PD-L1 status on histologic types in the firstline setting will be further evaluated in the large phase 3 KEYNOTE-042 study (ClinicalTrials.gov, NCT02220894), in which patients with PD-L1-expressing (TPS 1%) NSCLC are randomly assigned to receive either pembrolizumab or platinumbased doublet chemotherapy.
Similar to results from the entire population of the phase 1 KEYNOTE-001 study [17] and the randomized phase 3 KEYNOTE-010 study (NCT01905657) [18] , no significant exposure dependency on efficacy or safety was identified for pembrolizumab across doses of 2-10 mg/kg. Thus, a flat dose of 200 mg Q3W was used in subsequent phase 3 first-line studies in NSCLC. An every 3-week dosing schedule enables less frequent patient visits compared with Q2W dosing, along with shorter chair time, particularly in comparison with first-line chemotherapy, thus allowing more patients to be treated promptly. Optimal duration of treatment is not yet determined.
Pembrolizumab monotherapy was generally well tolerated in the first-line treatment of NSCLC with low grade 3/4 toxicity and without any treatment-related death. Three of five patients with grade 3/4 immune-mediated AEs were able to resume treatment following appropriate management. Additionally, immunemediated hypothyroidism, while approximately two times that reported previously [5] , was manageable. The phase 3 KEYNOTE-024 study showed similarly manageable toxicity profile from pembrolizumab in treatment-naive patients with TPS 50% NSCLC [12] .
First-line combination chemotherapy with pembrolizumab showed encouraging results with higher response rate and superior progression-free survival over platinum-based chemotherapy in a randomized phase 2 study for advanced NSCLC [19] . Randomized phase 3 studies will further explore combinations of pembrolizumab with chemotherapy (KEYNOTE-189, NCT02578680, and KEYNOTE-407, NCT02775435) to better understand how PD-L1 expression determines outcomes in these settings and whether survival benefits can be observed irrespective of PD-L1 expression. Furthermore, evaluation of other potential biomarkers including mutational load [20] , immune gene expression signatures [21] , DNA mismatch repair defect [22] , other ligands to immune checkpoint inhibitors [23] , and immune competency with pre-existing CD8þ T lymphocytes in the tumor microenvironment [24] is ongoing to better define predictive markers of immunotherapy.
In conclusion, these data demonstrated durable responses with promising long-term survival and a manageable safety profile with first-line pembrolizumab therapy for metastatic NSCLC, in particular in patients with TPS 50%. These findings surpass survival anticipated with standard chemotherapy and together with KEYNOTE-024 data, pembrolizumab has emerged as a firstline treatment option for high PD-L1-expressing advanced NSCLC.
